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57) ABSTRACT 

An amplifier circuit having four variable impedance nodes is 
provided. The amplifier has split transconductance current 
paths. Each half of the amplifier has two such current paths 
and each current path has a node which may be either a high 
impedance or low impedance node. Connected between the 
two nodes is a transistor which is utilized in driving the 
nodes to their either high or low impedance state. The 
invention is particularly useful in a folded cascode amplifier 
used for driving loud speakers. However, the circuitry may 
also be used in other amplifiers or other applications. 

20 Claims, 10 Drawing Sheets 
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1. 

LOWPOWER CLASS-AB INTEGRATED 
CIRCUIT AMPLFER 

BACKGROUND OF THE INVENTION 

This invention relates to amplifier circuits and more 
particularly to integrated circuit amplifiers having a dual 
transconductance current path. 
The required characteristics and features of integrated 

circuit amplifiers are evolving as new uses for integrated 
circuit amplifiers develop. One such use is in a new gen 
eration of portable electronic products such as the personal 
digital assistant (PDA), digital cellular phones, etc. that 
utilize a speaker phone feature, thus requiring a loud 
speaker. The smaller the impedance rating of the speaker, the 
louder it sounds for a given voltage drop across it. Since 
most of these portable products run off low power supplies 
(2.7 v-5 V), the voltage drop across the speaker is limited. 
Hence, low impedance speakers (4 to 32 ohms) are used to 
produce sounds of reasonable loudness out of them. These 
electronic products use integrated circuits to perform the 
signal processing and to interface with the external compo 
nents such as speakers, microphones, etc. 

In order to deliver such large power into the speaker, the 
integrated circuits that interface with this speaker require a 
power amplifier capable of delivering the necessary current 
into the speaker for the desired voltage drop across it. As the 
output of the amplifier is connected to the speaker, the sound 
is modulated according to the input to the amplifier. To 
generate large currents, the amplifier should have an output 
stage with very large transistor devices (generally current 
doubles with twice the device size). The use of large devices 
requires much silicon area and dc power (the power when 
driving 0 volts across the speaker) both of which are 
undesirable requirements. In addition to the loudness, the 
amplifier design also controls the sound quality of the 
speaker. Thus, the amplifier should be carefully designed not 
only to minimize the silicon area and the dc power con 
Sumption, but also to be linear so as to produce reasonable 
sound quality out of the speaker. Unfortunately, linearity 
generally degrades with low available dc power. 

Class-AB amplifier design is a design methodology which 
gives the designer control over the dc power consumption of 
the driver. A side effect of this design philosophy is that the 
designer also gets control over the linearity of the amplifier, 
which generally degrades with low available dc power. 
Hence, the design of a suitable class-AB amplifier is non 
trivial and challenging because it is desirable to optimize 
good sound quality, low power consumption, and low silicon 
consumption. 

SUMMARY OF INVENTION 

The present invention is utilized in amplifier circuits. The 
invention includes an amplifier having dual transconduc 
tance current paths. Each current path has a node which, 
depending upon the operation conditions of the amplifier, 
may be a high impedance node or a low impedance node. At 
any given time, one node may be at a high impedance state 
while the other node is at a low impedance state. High 
impedance nodes provide large gate drives to the output 
devices hence the size of the output devices can be reduced. 
Connected between each of the impedance nodes is a 
transistor which aids in driving the nodes to the desired 
impedance state. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
The present invention is particularly useful for use as an 

amplifier associated with a loudspeaker. In such an embodi 
ment, the impedance nodes of the amplifier are coupled to 
the gates of large output devices which are used to drive the 
speaker. The output devices are part of a class AB driven 
Output Stage. 

In one embodiment, the present invention may be used in 
a folded cascode amplifier circuit. In such an embodiment, 
the folded current path of half of the amplifier circuit may 
include dual current paths. Each current path has a node 
which may be either a high or low impedance node. A 
transistoris connected between the two nodes for driving the 
nodes to the desired state. 
The use of dual amplifier current paths having a transistor 

connected between a node of each current path for driving 
the nodes to either a high or a low impedance state is not 
limited to a folded cascode amplifier. For example, the 
invention may also be utilized with a non-folded cascode 
amplifier, other class AB amplifiers or amplifier other 
designs in which a dual transconductive current path is 
utilized. 

DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates the operating environment in which the 
present invention may be utilized. 

FIG. 2 illustrates a typical design of a speaker amplifier. 
FIG. 3 illustrates a common source output stage configu 

ration for a amplifier of FIG. 1. 
FIG. 4 illustrates an amplifier circuit according to the 

present invention. 
FIG. 5(a), FIG. 5(b), FIG. 5(c), FIG. 5(d), FIG. 5(e), and 

FIG. 5(f) illustrates possible biasing circuits for the amplifier 
circuit of FIG. 4. 

FIG. 6 illustrates an amplifier circuit similar to that shown 
in FIG. 4 except the current path is not folded. 

FIG. 7 illustrates another amplifier design utilizing the 
present invention. 

DETALED DESCRIPTION 

In one embodiment of the present invention, a folded 
cascode class-AB amplifier design is utilized. The folded 
current path of the amplifier has dual current paths where at 
any given time, only one current path is a high gain path to 
the output stage and the other current path is a low gain, or 
no gain, path to the output stage. A transistor is connected 
between each current path and is utilized to switch the high 
impedance node from one current path to the other. 
The amplifier design balances the requirements of low dc 

power consumption, minimum silicon area, and reasonable 
linearity, thus providing an amplifier that is particularly 
Suited for portable speaker applications. However, the 
amplifier of the present invention is not limited to speaker 
applications and may be used in other applications when the 
characteristics of the amplifier of the present invention are 
desired such as dc motors, transformers, LCD displays, etc. 
Moreover, the present invention is not limited to folded 
cascode amplifiers, but rather, the present invention may be 
utilized in other class-AB amplifiers. Though the present 
invention operates in a class AB mode, it can be used in 
circuits which are essentially class A but might need bursts 
of additional power under particular input conditions which 
are few and far between. That is, the proposed amplifier can 
also be used as an add on booster for class A circuits. A 
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detailed hierarchical description of the present invention 
follows. 
A block diagram of a typical speaker application utilizing 

an amplifier is shown in FIG. 1. Block 100 is a digital to 
analog converter (DAC) and block 105 is a speaker ampli 
fier, both of which may be part of a single integrated circuit. 
The speaker amplifier 105 may be an amplifier according to 
the present invention as described below. FIG. 1 also shows 
a speaker 110 which is external to the integrated circuit and 
is driven by the speaker amplifier 105. The digital to analog 
converter 100 receives a digital bit stream 115 as input and 
generates differential analog outputs 120 and 125 (DAC 
out p and DAC out n respectively) which are out of phase 
with each other (e.g. if DAC outp goes up, DAC out n 
goes down and vice versa). Both blocks 100 and 105 may 
amplify or attenuate the input signal. 

FIG. 2 shows an overview of a typical design of the 
speaker amplifier block105 of FIG. 1. The resistors R1 and 
R11 determine the gain (R11/R1) from the input VIN P to 
the output OUT N. Similarly, the resistors R2 and R22 
determine the gain (R22/R2) from VIN N to OUT P. The 
amplifier circuit also receives other inputs such as vicm and 
bias from other sections of the integrated circuit. These 
inputs are used to bias the transistors in the amplifier such 
that the transistors are in the proper region of operation and 
receive other control signals. 

FIG. 3 illustrates one design approach for the driver 106 
of FIG. 2 to drive the speaker 110. The driver 106 uses two 
output stages 300 having a common source configuration of 
the output devices where the drain of the PMOS devices, M1 
and M3, are connected to the drain of the NMOS devices, 
M2 and M4 of the same leg as shown in FIG. 3. The 
remaining portions of the driver 106 are shown as control 
circuitry block 305. Though shown as two blocks 305 in 
FIG.3 for convenience, it will be recognized that C1, and C2 
in FIG. 4 are identical and can be viewed as two instances 
of the same control circuitry having an in pinput, and in n 
input and two output nodes. 
To drive the signal in one direction through the speaker, 

the control circuitry in the driver should generate the proper 
gate voltages to the devices M1 and M4 such that the current 
flows from device M1, through the speaker, and into the 
device M4 (path P2 in FIG. 3). The signal can be driven in 
the opposite direction through the speaker by generating 
proper gate voltages of M3 and M2 such that the required 
current flows along the path P1. Note that the actual current 
through the speaker, at any instance of time, is a difference 
between the currents flowing in either paths and to maximize 
the power into the speaker, the current through the path 
opposite the desired path should be kept at a minimum. 
Thus, when current in the P2 path is desired, it is desirable 
to minimize the current in transistors M2 and M3. Likewise, 
when current in the P1 path is desired, it is desirable to 
minimize the current in transistors M1 and M4. To generate 
the large current desired for driving the speaker, the sizes of 
the output devices M1-M4 should be large (about 100–200 
times larger than a typical device in the integrated circuit). 
Because current through a device may be given by the 
equation: 

the current through the output devices in FIG. 3 can be 
increased by increasing the gate voltage to the devices (of 
course the maximum gate voltage is limited by the supply 
voltage and the capability of the control circuitry which may 
malfunction even before the supply voltage is reached 
depending on its design). 
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The present invention recognizes that improved perfor 

mance may be achieved by utilizing high impedance nodes 
(nodes which can have very high voltage swings on them) in 
the control circuitry to maximize the gate drive to drive the 
output devices. It can be seen that two high impedance nodes 
are needed in the control circuitry to drive both the PMOS 
and NMOS devices. The independent drive capability also 
gives control over setting the dc power consumption of the 
driver. Thus in an application such as shown in FIG. 3, the 
present invention utilizes amplifier control circuitry which 
provides a high impedance at the nodes which correspond to 
the output transistors in the desired speaker current path 
while providing a low impedance at the nodes which cor 
respond to the output transistors in the undesired speaker 
current path. Further, the high gain nodes and low gain 
nodes may be switched back and forth depending on 
whether current path P1 or P2 is desired. 

FIG. 4 illustrates the use of the present invention in a 
folded cascode amplifier embodiment for an application as 
shown in FIG. 3. The control circuitry 305 from FIG. 3 is 
shown within block 305 of FIG. 4. The amplifier 400 of FIG. 
4 is a fully differential folded cascode amplifier modified to 
create additional high impedance nodes. The output devices 
M1-M4 may be considered as part of the amplifier, however, 
an amplifier of the present invention is not limited to the 
output device arrangement of FIG. 4. 
As shown in FIG. 4, amplifier 400 has two differential 

inputs, Vin P and Vin N. Furthermore, the output nodes 
OUT N and OUT P are provided between the output 
devices M1 and M2 and between output devices M3 and M4 
respectively. The gates of output devices M1, M2, M3, and 
M4 are connected to nodes 1, 2, 3, and 4 respectively. 
Two differential input transistors Ma and Mbare provided 

having their sources connected together and tied to the drain 
of transistor Mtail. The gates of transistors Ma and Mb are 
connected to the inputs Vin P and Vin N respectively. The 
gate of transistor Mtail is connected to a bias voltage and the 
source is connected to the power supply, viddp, such that the 
transistor acts as a current source in that it supplies the tail 
to the input differential, transistors Ma and Mb. The drains 
of the differential input transistors Ma and Mb are connected 
to the drains of transistors Mc and Md respectively. The 
transistors Mc and Md have their sources connect together 
to the ground node gndp. The gates of transistors of Mc and 
Md are also tied together. The gates of Mc and Md are 
connected to a bias voltage source such that they can link the 
currents coming from Ma, M5a and M6a and from Mb, M5 
and M6 respectively. Connected to transistors Mtail, Ma, 
Mb, Mc, and Md are two symmetrical sets of cascodeal 
transistors. The first set of transistors controls nodes 1 and 2 
and comprises transistors M5, M6, M7, M8, and M9. The 
second set of transistors controls nodes 3 and 4 and com 
prises transistors M5a, M6a, M7a, M8a, and M9a, Because 
these two sets of transistors comprise symmetrical halves of 
the amplifier, the operation and structure of the amplifier will 
only be discussed with respect to the right half of the 
circuitry that includes transistors M5-M8. It will be recog 
nized from the figures, however, that the left half of the 
circuitry operates in a similar manner. 

Transistors M5 and M6 have their sources tied together 
and connected to the node that the drains of transistors Mb 
and transistors Md are also connected to. The gates of 
transistors M5 and M6 are connected together to a bias 
voltage Vb. The drain of transistor M5 is connected to the 
drain of transistor M8 and the drain of transistor M6 is 
connected to the drain of transistor M9. The sources of 
transistors M8 and M9 are connected to the voltage supply 
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vddp. The gates of transistors M8 and M9 are tied together 
and tied to the gate of transistor Mtail. Thus, as shown in 
FIG.4, a transconductance current path exists from the drain 
of transistor Mb through transistors M5, M6, M8 and M9. 
Further, this current path is a dual transconductance current 
path having two current branches, one branch having tran 
sistors M5 and M8 and the other branch having transistors 
M6 and M9. The dual transconductance current path shown 
in FIG. 4 is a particular type of dual transconductance 
current path in that the path is a split transconductance 
current path since the current branches are split from the 
same node (the drain of transistor Mb in this case). As shown 
with respect to FIG. 7, however, not all dual transconduc 
tance paths need be split transconductance paths. 
The node that the drains of transistors M5 and M8 are 

connected to is node 2 and the node that the drains of 
transistors M6 and M9 are connected to is node 1. Transistor 
M7 is connected between node I and node 2. The drain of 
transistor M7 is connected to node 2 while the source of 
transistor M7 is connected to node 1. Thus, transistor M7 
connects the two transconductive current branches. The 
voltage on the gate of transistor M7 is Vref. 
As shown in FIG. 4, transistors Mtail, Ma, Mb, M7, M8, 

M9, and M1 are PMOS devices and transistors Mc, Md, M5, 
M6, and M2 are NMOS devices. However, it will be 
recognized that the present invention is not limited the 
specific NMOS and PMOS selection shown in FIG. 4 and a 
designer may alter which transistors are NMOS devices and 
which transistors are PMOS devices. 
As shown in FIG. 4, the current through the folded branch 

of the amplifier is split through the current path of transistor 
M5 and the current path of transistor M6. The splicing of the 
current through the folded branch of the amplifier through 
M5 and M6 (with the aid of transistors M8 and M9) creates 
the two possible high impedance nodes, node 1 and node 2. 
The gate voltage of device M7 sets the gate voltage of the 
output device M1 to define the dc current through the output 
stage. In the following paragraphs, issues such as biasing, 
large signal and small signal analyses are presented. For the 
ease of explanation, all these analyses refer to the right half 
of the circuit as the circuit is symmetric. 

a) Biasing: 
The gates of transistors M8, M9 and Mtail are connected 

to bias gate voltage (vbp), which in turn is generated by 
sinking current through a PMOS device as shown in FIG. 
5(a). This figure also shows the generation of the gate 
voltage (Vbn) of the NMOS devices Md and Mc. The bias 
voltage (vb) for the folding devices M5 and M6 is generated 
by sourcing current into the diode connected NMOS device 
Mbn as shown in FIG. 5(b). The devices M119 and M120 
are added to decrease the voltage difference between the 
drain and source of mbiasp and mtp, and mbp. In dc 
conditions, the node 1 is set by the voltage on the gate of M7, 
vref. Vrefresults from a dc current that is sunk by device Mn 
through two cascaded diode connected PMOS devices as 
shown in FIG. 5(c). This dc current is chosen to be propor 
tional to the current through M7 and is given by Ib=(current 
through M7)*(size of M7x)/(size of M7). Since M7x is 
designed to match M7, the voltage on node 1 will be the 
same as the voltage on the gate (drain) of Mix. Since M1X 
is designed to match M1, and their gate voltages are the 
same, the quiescent current through M1 is given by (current 
through M1 and M2)=lb*M1/M1x. M7x is designed to 
match M7 and M1x is designed to match M1 in the amplifier. 
The other high impedance node, 2 is set by the global 
differential feedback through the external resistors to a 
voltage Vt--Vdsat above ground such that M2 sinks the same 
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6 
current as M1 sources (i.e. IbM1/M1x). This ensures that 
all devices are in saturation region of operation. 
An alternative method for biasing the amplifier circuit of 

FIG. 4 may be seen with reference to FIG. 5(a), FIG. 5(d), 
FIG. 5(e) and FIG. 5(f). In this alternative method, the bias 
voltage vbp is generated with the circuit shown in FIG. 5(a). 
However, the bias voltages for transistors M5, M6, M5a and 
M6a is modified in that the gate drives of M5 and M6 and 
the gate drives of M5a and M6a are independent of each 
other. The gate of M5 and M5a are driven by wb1 and the 
gate of M6 and M6a are driven by vb2. FIG. 5(d) shows the 
circuitry for generating bias voltage wb2 for the transistors 
M6 and M6a while FIG. 5(e) shows the circuitry for 
generating the bias voltage wb1 for transistors M5 and M5a. 
The bias voltage for M7 and M7a, wref, is generated with the 
circuitry shown in FIG. 5(f). 
The alternative bias scheme is particularly useful because 

a large number of applications require the amplifier circuit 
to operate at different supply voltages ranging from 2.7 volts 
to 5 volts. This wide range of power supply voltages can 
vary the quiescent current in the output devices by consid 
erable amounts if the circuit is biased as shown in FIG. 5(a), 
FIG. 5(b), and FIG. 5(c). The negative feedback in the bias 
scheme of FIG. 5(a), FIG. 5(d), FIG. 5(e), and FIG. 5(f) 
allows variations in the vdd (and hence the vids of the output 
devices). 

b) Large Signal Analysis: 
When the output PMOS transistor M1 needs to be driven 

hard, Vin Ngoes up. As node 1 comes down, transistor M7 
cuts off providing a much higher impedance at node 1. When 
the PMOS transistor M1 is driven hard, the NMOS device 
M2 is designed to be cut off. It can be noted that when 
transistor M7 cuts off, transistor M5 goes into the linear 
region of operation. During this phase, since transistor M2 
is cut off transistor M5 is not in the signal path and hence 
transistor M5's going into the linear region of operation does 
not cause problems. Thus the gate of the PMOS output 
device M1 can be driven to its maximum possible capability 
from Vdd-(Vt+Vdsat) to 2 Vdsat above ground. Since 
generally the Vdsat voltage is about 100 mV, the amplifier 
does not limit the drive significantly because this is the 
maximum possible drive for typical folded cascode struc 
tures. 

During the other phase of the drive, NMOS transistor M2 
needs to be driven hard. As seen from FIG. 4, the gate of the 
transistor M2 can be driven from a Vt--Vdsat above the 
ground to (Vdd-Vdsat) which is the maximum possible 
drive that can be provided by any amplifier. Unlike similar 
driver structures, this architecture does not contribute to the 
open loop nonlinearity as the paths to the output PMOS and 
NMOS devices M1 and M2 have similar gains. This ensures 
that no additional nonlinearity is added to the unavoidable 
nonlinearity due to the devices themselves and thus pro 
duces a reasonable sound quality. 

c) Small Signal Analysis: 
Small signal analysis on the right half of the circuit shows 

that the ac behavior of the circuit is dominated by three poles 
and a zero. The dominant pole is located at node 2. The 
presence of two signal paths to the output through the output 
NMOS (one path via M5 and one path via M6 and M7) gives 
rise to apole zero doublet, the pole of which is located at the 
node 1 and the zero frequency is designed to be the same as 
that of this pole. The remaining high frequency pole is 
located at the node OUT N. Under typical conditions, the 
crossover frequency is less than the non-dominant pole (at 
OUT P), so a phase margin>45 degrees is obtained. How 
ever, under extreme process and temperature conditions, the 
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circuit may need compensation. This is accomplished by 
adding a capacitor between the output node and the folding 
node similar to the compensation technique proposed by B. 
K. Ahuja in "An improved frequency compensation tech 
nique for omos operational amplifiers' IEEE JSSC. vol. 18 
Dec. 1980. Thus a compensation capacitor may be added 
between OUT N and the tied together sources of transistors 
M5 and M6. 

It will be recognized that various modifications of the 
circuit shown in FIG. 4 may still utilize the present inven 
tion. For example, a resistance may be placed in series 
between the drain of transistor M5 and node 2. Preferably, 
this resistor would be a NMOS device. The added resistance 
delays the cut off of the output NMOS device (driven by 
node 2), until node 1 becomes a high impedance. This 
ensures that there is no low gain phase in the open loop 
characteristics of the driver (a low gain phase adds nonlin 
earity to the output waveform). Moreover, though typical 
currents are shown at various nodes in milliamps or micro 
amps as labeled in FIG. 4, it will be recognized that such 
currents are shown for illustrative purposes and the present 
invention is not limited to the values of the currents shown 
in the figures, and in fact such design criteria may be 
changed and modified given a designer's specific needs. 
The present invention is not limited to a folded cascode 

amplifier. FIG. 6 illustrates an amplifier design similar to 
that of FIG. 4 except the current paths are not folded. In FIG. 
6 the amplifier still utilizes dual transconductance current 
paths. The particular type of dual transconductance current 
path in this circuit is also a split transconductance current 
path. Thus, as shown in FIG. 6, the current path may be split 
from transistor Mb through transistors M5 and M6; how 
ever, this current path is not a folded path to Vdd. The 
present invention is still utilized, though, because transistor 
M7 still is connected between node 1 and node 2. Transistor 
M7 in FIG. 6 operates similar to transistor M7 in FIG. 4 in 
that it provides a transistor between the dual current paths 
such that at any given time one path provides a high 
impedance gain to one of the output devices while the other 
path provides a low impedance gain to the other output 
device. As shown in FIG. 6, the amplifier has impedance 
nodes 1-4. These nodes may be connected to the gates of 
output devices similar to the circuitry of FIG. 4. 

FIG. 7 illustrates yet another amplifier design implement 
ing the present invention. In FIG. 7, an amplifier 700 is 
shown that is similar to the amplifier 400 shown in FIG. 4. 
However, amplifier 700 implements the present invention 
without a folded cascode amplifier as the basic gain stage. 
Thus, this circuit has an additional inversion and a low 
frequency pole. As shown in FIG. 7, the amplifier 700 differs 
from the amplifier 400 of FIG. 4 in that the gates of 
transistors M5 and M6 are controlled by the common drain 
node between transistors Mb and Md. Likewise, the gates of 
transistors M5a and M6a are controlled by the common 
drain node between transistors Ma and Mc. In amplifier 700, 
the sources of transistors M5a, M6, and M6a are all tied to 
ground. In FIG. 7 dual transconductance current paths are 
also utilized, one current branch being through transistor M5 
and one current branch being through transistor M6. The 
dual transconductance current paths in this case are not split 
transconductance paths. However, the present invention is 
still utilized by connecting transistor M7 between nodes 1 
and 2. Thus, FIG. 7 illustrates yet another amplifier design 
utilizing a dual transconductance stages between which a 
transistor is connected to aid in driving the nodes of each 
transconductance stage to their desired impedance state. 

Further modifications and alternative embodiments of this 
invention will be apparent to those skilled in the art in view 
of this description. For example, the use of N-channel and 
P-channel devices shown herein are generally the preferred 
arrangement of device types, however, it will be recognized 
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that tile present invention is not so limited. Accordingly, this 
description is to be construed as illustrative only and is for 
the purpose of teaching those skilled in the art the manner of 
carrying out the invention. It is to be understood that the 
forms of the invention herein shown and described are to be 
taken as presently preferred embodiments. Equivalent ele 
ments or materials may be substituted for those illustrated 
and described herein, and certain features of the invention 
may be utilized independently of the use of other features, 
all as would be apparent to one skilled in the art after having 
the benefit of this description of the invention. 
What is claimed is: 
1. An integrated circuit amplifier circuit, comprising: 
a pair of differential input transistors, said pair including 

a first input transistor and a second input transistor; 
a first dual transconductance current path connected to 

said first input transistor, said first dual transconduc 
tance current path having at least first and second 
transconductance current paths; 

a third transistor, a drain of said third transistor connected 
to said first transconductance current path and a source 
of said third transistor connected to said second 
transconductance current path; and 

a first output stage driven in class AB mode coupled to 
said drain and said source. 

2. The amplifier circuit of claim 1, current in said first dual 
transconductance current path being split from current 
through said first input transistor. 

3. The amplifier circuit of claim 1, current in said first dual 
transconductance current path being generated by a voltage 
generated from current through said first input transistor. 

4. The amplifier circuit of claim 1, said output stage 
further comprising a first output transistor and a second 
output transistor, said first output transistor coupled to said 
first transconductance current path and said second output 
transistor coupled to said second transconductance current 
path. 

5. The amplifier circuit of claim 4, a gate of said first 
output transistor connected to a first node, said first node 
within said first transconductance path and a gate of said 
second output transistor connected to a second node, said 
second node within said second transconductance path. 

6. The amplifier circuit of claim 5, said first and second 
nodes each capable of being at a high impedance state or low 
impedance state depending upon the operation conditions of 
said amplifier, said third transistor aiding in driving said first 
and second nodes to their respective impedance states. 

7. The amplifier circuit of claim 1, said first and second 
transconductance current paths connected to said first input 
transistor such that at least a portion of a current through said 
first input transistor is split through said first and second 
transconductance current paths. 

8. The amplifier circuit of claim 7, said amplifier circuit 
having a folded cascode amplifier, said third transistors 
connected between two folded current paths of said folded 
cascode amplifier. 

9. The amplifier circuit of claim 1, further comprising: 
a second dual transconductance current path, said second 

dual transconductance current path having third and 
fourth transconductance current paths, said third and 
fourth transconductance current paths connected to said 
second input transistor, 

a fourth transistor, a drain of said fourth transistor con 
nected to said third transconductance current path and 
a source of said fourth transistor connected to said 
fourth transconductance current path; 

said first output stage connected to said first transconduc 
tance current path and said second transconductance 
current path, said first output stage comprising, 
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a first output node; and 
a first output transistor and a second output transistor, a 

gate of said first output transistor connected to a first 
node, said first node within said first transconductance 
path, and a gate of said second output transistor con 
nected to a second node, said second node within said 
second transconductance path; and 

a second output stage driven in class AB mode connected 
to said third transconductance current path and said 
fourth transconductance current path, said second out 
put stage comprising, 

a second output node; and 
a third output transistor and a fourth output transistor, a 

gate of said third output transistor connected to a third 
node, said third node within said third transconduc 
tance path, and a gate of said fourth output transistor 
connected to a fourth node, said fourth node within said 
fourth transconductance path. 

10. The amplifier circuit of claim 9, 
said first and second nodes each capable of being at a high 
impedance state or low impedance state depending 
upon the operation conditions of said amplifier, said 
third transistor aiding in driving said first and second 
output nodes to their respective impedance states; and 

said third and fourth nodes each capable of being at a high 
impedance state or low impedance state depending 
upon the operation conditions of said amplifier, said 
fourth transistor aiding in driving said third and fourth 
output nodes to their respective impedance states. 

11. An integrated circuit amplifier comprising: 
first and second input nodes for receiving a plurality of 

input voltages; 
a first dual transconductance current path having at least 

a first and second current branch, current in said first 
dual transconductance current path indicative of said 
plurality of input voltages; 

a first voltage node within said first current branch and a 
second voltage node within said second current branch, 
each of said first and second voltage nodes capable of 
being a high impedance state or low impedance state 
depending upon the operation conditions of said ampli 
fier; 

a transistor having a source connected to said first voltage 
node and a drain connected to second voltage node, 
said transistor aiding in driving said first and second 
output nodes to their respective desired impedance 
state; and 

a first output stage driven in class AB mode coupled to 
said first voltage node and said second voltage node. 

12. The amplifier circuit of claim 11, current in said first 
dual transconductance current path being split from an input 
current path through a first input transistor, said first input 
node connected to a gate of said first input transistor. 

13. The amplifier circuit of claim 11, current in said first 
dual transconductance current path being generated by a 
voltage generated from current through a first input transis 
tor, said first input node connected to a gate of said first input 
transistor. 

14. The amplifiercircuit of claim 11, said first output stage 
comprising: 

first and second output transistors, said output transistors 
having a common node, said common node being an 
output node of said amplifier circuit, 

wherein a gate of said first output transistor is controlled by 
the voltage at said first voltage node and a gate of said 
second output transistor is controlled by the voltage at said 
second voltage node. 

10 
15. The amplifier circuit of claim 12, said amplifier circuit 

being a folded cascode amplifier. 
16. The amplifier circuit of claim 15, said first output 

stage comprising: 
5 first and second output transistors, said output transistors 

having a common node, said common node being an 
output node of said amplifier circuit, wherein a gate of 
said first output transistor is controlled by the voltage at 
said first voltage node and a gate of said second output 

10 transistor is controlled by the voltage at said second 
voltage node. 

17. The amplifier circuit of claim 16, said amplifiercircuit 
further comprising a second dual transconductance current 
path symmetrical to said first dual transconductance current 

15 path, third and fourth voltage nodes symmetrical to said first 
and second voltage nodes, and a second output stage sym 
metrical to said first output stage. 

18. A folded cascode class AB amplifier circuit, compris 
ing: 

first and second input transistors having common sources, 
a gate of each input transistor connected to an input 
node of said amplifier; 

a current source connected to a voltage supply, said 
current source supplying current to said common 

25 sources of said input transistors; 
a first split transconductance current path connected to a 

drain of said first input transistor, said first split 
transconductance current path having a first and second 
current branch, said first current branch comprising, 

30 at least two first current branch transistors having 
common drains and connected in series between said 
voltage supply and a drain of said first input tran 
sistor, said common drains of said first current 
branch transistors being a first node, 

said second current branch comprising, 
at least two second current branch transistors having a 
common drain and connected in series between said 
voltage supply and said drain of said first input 
transistor, said common drains of said second current 
branch transistors being a second node, each of said 
first and second nodes capable of being a high 
impedance state or a low impedance state depending 
upon the operating conditions of said amplifier; 

a transistor having a source connected to said first node 
and a drain connected to second node, said transistor 
aiding in driving said first and second output nodes to 
their respective desired impedance state. 

19. The amplifier of claim 18 further comprising a first 
output stage, said first output stage comprising, 

an output node; and 
first and second output transistors having common drains, 

a gate of said first output transistor connected to said 
first node, and a gate of said second output transistor 
connected to said second node, said output node con 
nected to said common drains of said first and second 
output transistors. 

20. The amplifier of claim 19 further comprising: 
a second split transconductance current path connected to 

said second input transistor, said second split transcon 
ductance current path being symmetrical to said first 
split transconductance current path; and 

a second output stage connected to said second split 
transconductance current path, said second output stage 
being symmetrical to said first output stage. 
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